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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the incident
proton energy range from 1 to 150 MeV. The evaluation utilizes
MF=6 , MT=5 to represent all reaction data. Production cross
sections and emission spectra are given for neutrons, protons,
deuterons, tritons, alpha particles, gamma rays, and all
residual nuclides ~roduced (A>5) in the reaction chains. To
summarize,
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the END~ sections with non-zero data above are:

2

5

2

5

Integral of nuclear plus interference components
of the elastic scattering cross section

Sum of binary (p,n’) and (p,x) reactions

Elastic (p,p) angular distributions given as
ratios of the differential nuclear-plus-
interference to the integrated value.

Production cross sections and energy-angle
distributions for emission neutrons, protons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that
are stable against particle emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
Ni58 and p + Ni58 reactions (Ch97) . We use the GNASH code system
(Y092) , which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Spherical optical
model calculations are used to obtain particle transmission
coefficients for the Hauser-Feshbach calculations, as well as
for the elastic proton angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic
(Ka88) .
A model was developed to calculate the energy distributions of

all recoil nuclei in the GNASH calculations (Ch96) . The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. All
other data in MT=5,MF=6 are given in the center-of-mass system.
This method of representation utilizes the LCT=3 option approved
at the November, 1996, CSEWG meeting.

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Ka85) , validated by comparison with calculations using Feshbach,
Kerman, Koonin (FKK) theory [Ch93] . Discrete level data from
nuclear data sheets were matched to continuum level densities
using the formulation of Ignatyuk et al. (Ig75) and pairing and
shell parameters from the OX& (C067) analysis, Neut?wn and
charged- particle transmission coefficients were obtained from
the optical potentials, as discussed below. Gamma-ray



transmission coefficients were calculated using the Kopecky-Uhl
model (K090) .

SOME Cr-SPECIFIC INFORMATION CONCERNING THE EVAL.

The” Cr-52 transmission coefficients were calculated by using the
following OMP potentials and DWBA cross sections:

/
Neutrons: a newly-searched potential for Cr-52 as described in the
File 1 description of the n + Cr-52 evaluation.

Protons: a combination of 2 potentials was used :

below 40 MeV : Becchetti-Greenlees (Be69)
above 40 ?4eV : Madland medium energy potential (Ma88)

The proton reaction cross section and transmission coefficients
below 40 MeV were multiplied by a factor of 0.845 to make the
agreement with the measured proton reaction cross section (Ca96)
better, and also to make the connection to higher energy values
smoothly.

For deuterons, the Lohr-Haeberli (L074) global potential was used;
for alpha particles the McFadden-Satchler (Mc66) potential was
used; and for tritons the Becchetti-Greenlees (Be71) potential was
used. The He-3 channel was ignored.

The direct collective inelastic scattering to the following levels
in Cr-52 was considered by the DWBA-mode calculation of ECIS95
{Ra96) :

Jpi Ex(MeV) Deformation length
2+ 1.434
4+ 2.369
O+ 2.647
4+ 2.768
2+ 2.965
6+ 3.114
2+ 3.162
4+ 3.415
2+ 3.772
4-1-4.040
3- 4.563
4+ 4.630
O+ 4.738
4+ 4.951
4+ 5.095
4+ 5.425
4+ 5.541
2+ 5.661
3- 5.873
3- 5.996
~+ 6-.05%
2+ 6.143
2+ 6.175
2+ 6.493
3- 6.580
3- 6.786

2+ 6.810
5- 6.871

0.87
0.33
0.095
0.30
0.08
0.35
0.27
0.13
0.28
0.16
0.61
0.36
0.145
0.20
0.15
0.32
0.074
0.095
0.082
0.087
(-J.~~-

0.07
0.21
0.21
0.34
0.26

0.22
0.16



3- 6.993
3- 7.080
4+ 7.140
2+ 7.217
4+ 7.278
2+ 7.344
5- 7.376
3- 7.409
3- 7.482
3- 7.585
3- 7.738
3- 7.823
4+ 7.848
4+ 7.893
3- 7.967
2+ 8.022
3- 8.089
3- 8.281
3- 8.457
3- 8.505
3- 8.679
3- 8.782
3- 8.778
3- 9.440

These data

0.18
0.34
0.14
0.10 -
0.13
0.074
0.11
0.0!31
0.13
0.074
0.26
0.12
0.11
0.12
0.095
0.10
0.0!31
0.15
0.13
0.10
0.10
0.10
0.13
0.095

were retrieved from the literature (Ju94) .
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24052 = TARGE1’ 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000z+A
Nonelastic, elastic, and Production cross sections for A<5 ejectiles in barns:
Energy nonelas elastic neutron proton deuteron triton helium3 alpha g—

2.000E+OO 4.008E-04’0.000E+O0 0.000E+OO 3.239E-04”0.000E+O0 0.000E+OO 0.000E+OO 0.000E+OO 6.081E-04
3.000E+OO 4.435E-03 0.000E+OO 0.000E+OO 3.584E-03 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 4.796E-03
4.000E+OO 6.783E-02 0.000E+OO 0.000E+OO 6.702E-02 0.000E+OO 0,000E+OO 0.000E+OO 0.000E+OO 6.936E-02
5.000E+OO 2.230E-01 0.000E+OO 0.000E+OO 2.222E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.040E-08 2.580E-01
6.000E+OO 4.270E-01 0.000E+OO 2.714E-02 3.990E-01 0.000E+OO 0.000E+OO 0.000E+OO 2.896E-06 6.130E-01
7.000E+OO 6.227E-01 0.000E+OO 2.414E-01 3.806E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.167E-04 1.068E+O0
8.000E+OO 7.342E-01 0.000E+OO 4.043E-01 3.284E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.048E-03 1.474E+O0
9.000E+OO 8.038E-01 0.000E+OO 4.813E-01 3.172E-01 0.000E+OO 0.000E+OO 0.000E+OO 4.882E-03 1.817E+O0
1.000E+O1 8.540E-01 0.000E+OO 5.11OE-O1 3.300E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.258E-02 2.107E+OO
1.1OOE+O1 8.914E-01 0.000E+OO 5.179E-01 3.521E-01 2.616E-09 0.000E+OO 0.000E+OO 2.096E-02 2.356E+O0
1.200E+01 9.178E-01 0.000E+OO 5.125E-01 3.769E-01 8.272E-06 0.000E+OO 0.000E+OO 2.802E-02 2.570E+O0
1.300E+01 9.411E-01 0.000E+OO 5.034E-01 4.043E-01 1.918E-04 0.000E+OO 0.000E+OO 3.282E-02 2.772E+O0
1.400E+01 9.61OE-O1 0.000E+OO 4.903E-01 4.508E-01 1.047E-03 1.065E-11 0.000E+OO 3.562E-02 2.874E+O0
1.500E+01 9.775E-01 0.000E+OO 4.856E-01 5.503E-01 3.013E-03 3.258E-07 0.000E+OO 3.667E-02 2.761E+O0
1.600E+01 9.909E-01 0.000E+OO 5.080E-01 6.711E-01 6.105E-O3 1.048E-05 0.000E+OO 3.679E-02 2.448E+O0
1.700E+01 1.00IE+OO 0.000E+OO 5.558E-01 7.641E-01 1.002E-02 5.356E-05 0.000E+OO 3.645E-02 2.123E+O0
1.800E+01 1.007E+O0 0.000E+OO 6.167E-01 8.170E-01 1.350E-02 1.193E-04 0.000E+OO 3.596E-02 1.904E+O0
1.900E+01 1.O1lE+OO 0.000E+OO 6.764E-01 8.401E-01 1.770E-02 2.003E-04 0.000E+OO 3.554E-02 1.805E+O0
2.000E+O1 1.012E+O0 0.000E+OO 7.231E-01 8.485E-Oi 2.159E-02 3.184E-04 0.000E+OO 3.526E-02 1.761E+O0
2.200E+01 1.O1lE+OO 0.000E+OO 7.778E-01 8.533E-01 2.972E-02 7.086E-04 0.000E+OO 3.666E-02 1.908E+O0
2.400E+01 1.007E+O0 0.000E+OO 7.956E-01 8.540E-01 3.744E-02 1.157E-03 0.000E+OO 4.274E-02 2.089E+O0
2.600E+01 9.991E-01 0.000E+OO 8.252E-01 8.561E-01 4.445E-02 1.616E-03 0.000E+OO 5.071E-02 2.165E+O0
2.800E+01 9.887E-01 0.000E+OO 8.597E-01 8.840E-01 5.097E-02 2.063E-03 0.000E+OO 5.41OE-O2 2.126E+O0
3.000E+O1 9.755E-01 0.000E+OO 8.849E-01 9.195E-01 5.683E-02 2.402E-03 0.000E+OO 5.587E-02 2.067E+O0
3.500E+01 9.319E-01 0.000E+OO 9.11OE-O1 9.973E-01 6..554E-O23.331E-03 0.000E+OO 5.398E-02 1.937E+O0
4.000E+O1 9.1OOE-O1 0.000E+OO 9.592E-01 1.058E+O0 7.224E-02 3.981E-03 0.000E+OO 5.589E-02 1.905E+O0
4.500E+01 8.91OE-O1 0.000E+OO 1.018E+O0 1.101E+OO 7.590E-02 4.398E-03 0.000E+OO 5.862E-02 1.878E+O0
5.000E+O1 8.712E-01 0.000E+OO 1.080E+O0 1.138E+O0 7.892E-02 4.684E-03 0.000E+OO 6.254E-02 1.845E+O0
5.500E+01 8.521E-01 0.000E+OO 1.149E+O0 1.178E+O0 8.062E-02 4.882E-03 0.000E+OO 6.751E-02 1.809E+O0
6.000E+O1 8.338E-01 0.000E+OO 1.230E+O0 1.230E+O0 8.007E-02 5.197E-03 0.000E+OO 7.815E-02 1.767E+O0
6.500E+01 8.163E-01 0.000E+OO 1.296E+O0 1.270E+O0 8.012E-02 5.545E-03 0.000E+OO 8.81OE-O2 1.733E+O0
7.000E+O1 7.997E-01 0.000E+OO 1.334E+O0 1.31OE+OO 8.130E-02 5.958E-03 0.000E+OO 9.736E-02 1.640E+O0
7.500E+01 7.840E-01 0.000E+OO 1.396E+O0 1.348E+O0 8.032E-02 6.525E-03 0.000E+OO 1.078E-01 1.591E+O0
8.000E+O1 7.691E-01 0.000E+OO 1.445E+O0 1.369E+O0 8.109E-O2 7.088E-03 0.000E+OO 1.173E-01 1.547E+O0
8.500E+01 7.553E-01 0.000E+OO 1.488E+O0 1.392E+O0 8.192E-02 7.734E-03 0.000E+OO 1.262E-01 1.505E+O0
9.000E+O1 7.424E-01 0.000E+OO 1.536E+O0 1.415E+O0 8..312E-O28.571E-03 0.000E+OO 1.362E-01 1.473E+O0
9.500E+01 7.307E-01 0.000E+OO 1.575E+O0 1.432E+O0 8.418E-02 9.388E-03 0.000E+OO 1.444E-01 1.430E+O0
1.000E+02 7.201E-01 0.000E+OO 1.614E+O0 1.450E+O0 8.433E-02 1.030E-02 0.000E+OO 1.522E-01 1.41OE+OO
1.1OOE+O2 7.026E-01 0.000E+OO 1.682E+O0 1.486E+O0 8.711E-02 1.246E-02 0.000E+OO 1.675E-01 1.369E+O0
1.200E+02 6.901E-01 0.000E+OO 1.739E+O0 1.525E+O0 8.972E-02 1.477E-02 0.000E+OO 1.81OE-O1 1.315E+O0
1.300E+02 6.830E-01 0.000E+OO 1.804E+O0 1.565E+O0 9.288E-02 1.752E-02 0.000E+OO 1.941E-01 1.284E+O0
1.400E+02 6.814E-01 0.000E+OO 1.864E+O0 1.607E+O0 9.660E-02 2.007E-02 0.000E+OO 2.047E-01 1.253E+O0
1.500E+02 6.868E-01 0.000E+OO 1.934E+O0 1.664E+O0 1.006E-01 2.308E-02 0.000E+OO 2.161E-01 1.243E+O0

24052 = TARGET 1000Z+A (if A=O then elemental)
1001= PROJECTILE 1000Z+A
Aver. lab emission energies for A<5 ejectiles in MeV:
Energy neutron proton deuteron triton helium3 alpha gamma

2.000E+OO 0.000E+OO 7.249E-04 O.OOOE+OO”O.OOOE+OO 0.000E+OO 0.000E+OO 4.012E+O0
3.000E+OO 0.000E+OO 1.473E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 2.282E+O0
4.000E+OO 0.000E+OO 2.435E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 1.549E+O0
5.000E+OO 0.000E+OO 3.244E+O0 0.000E+OO 0.000E+OO 0.000E+OO 2.057E+O0 1.484E+O0
6.000E+OO 1.942E-01 3.767E+O0 0.000E+OO 0.000E+OO 0.000E+OO 2.974E+O0 1.430E+O0
7.000E+OO 6.409E-01 4.195E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.832E+O0 1.147E+O0
8.000E+OO 1.151E+O0 4.539E+O0 0.000E+OO 0.000E+OO 0.000E+OO 4.712E+O0 1.085E+O0
9.000E+OO 1.609E+O0 4.820E+O0 0.000E+OO 0.000E+OO 0.000E+OO 5.548E+O0 1.170E+O0
1.000E+O1 1.972E+O0 5.101E+OO 0.000E+OO 0.000E+OO 0.000E+OO 6.236E+O0 1.324E+O0
1.1OOE+O1 2.264E+O0 5.353E+O0 8.989E-01 0.000E+OO 0.000E+OO 6.801E+O0 1.493E+O0
1.200E+01 2.502E+O0 5.618E+O0 1.842E+O0 0.000E+OO 0.000E+OO 7.240E+O0 1.677E+O0
1.3J30E+01.2.703PM.00.5.882E+00.2.672E+O0.0.0003MOO_0.OOO&OII 7.603EI.0!IL865E+O0.
1.400E+01 2.840E+O0 5.966E+O0 3.369E+O0 8.595E-01 0.000E+OO 7.887E+O0 2.041E+O0
1.500E+01 2.966E+O0 5.642E+O0 3.971E+O0 1.794E+O0 0.000E+OO 8.121E+O0 2.179E+O0
1.600E+01 2.957E+O0 5.435E+O0 4.609E+O0 2.594E+O0 0.000E+OO 8.319E+O0 2.251E+O0
1.700E+01 2.878E+O0 5.508E+O0 5.227E+O0 3.181E+O0 0.000E+OO 8.492E+O0 2.244E+O0
1.800E+01 2.775E+O0 5.697E+O0 5.852E+O0 3.842E+O0 0.000E+OO 8.655E+O0 2.188E+O0
1.900E+01 2.771E+O0 6.006E+O0 6.486E+O0 4.423E+O0 0.000E+OO 8.814E+O0 2.123E+O0
2.000E+O1 2.876E+O0 6.383E+O0 7.067E+O0 4.748E+O0 0.000E+OO 8.967E+O0 2.040E+O0
2.200E+013.123E+O07.053E+O08.316E+O0S.585E+O00.000E+OO9.163E+O02.088E+O0
2.400E+01 3.442E+O0 7.708E+O0 9.543E+O0 6.583E+O0 0.000E+OO 9.161E+O0 2.147E+O0
2.600E+01 3.685E+O0 8.292E+O0 1.071E+01 7.540E+O0 0.000E+OO 9.231E+O0 2.207E+O0
2.800E+01 3.909E+O0 8.757E+O0 1.188E+01 8.450E+O0 0.000E+OO 9.540E+O0 2.185E+O0
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3.000E+O1 4.170E+O0 9.183E+O0 1.305E+01 9.187E+O0 0.000E+OO
3.500E+01 4.9$2E+O0 1.032E+01 1.595E+01 1.125E+01 0.000E+OO
4.000E+O1 5.655E+O0 1.157E+01 1.908E+01 1.320E+01 0.000E+OO
4.500E+01 6.288E+O0 1.291E+01 2.218E+01 1.512E+01 0.000E+OO
5.000E+O1 6.823E+O0 1.415E+01 2.533E+01 1.695E+01 0.000E+OO
5.500E+01 7.31oE+oO 1.508E+01 2.829E+01 1.847E+01 0.000E+OO
6.000E+O1 7.614E+O0 1.565E+01 3.064E+01 1.934E+01 0.000E+OO
6.500E+01 7.946E+O0 1.628E+01 3.298E+01 1.986E+01 0.000E+OO
7.000E+O1 8.389E+o0 1.686E+01 3.548E+01 2.007E+01 0.000E+OO
7.500E+01 8.687E+O0 1.741E+01 3.703E+01 1.979E+01 0.000E+OO
8.000E+O1 9.018E+O0 1.811E+01 3.911E+01 1.949E+01 0.000E+OO
8.500E+OI 9.357E+O0 1.877E+01 4.106E+O1 1.904E+01 0.000E+OO
9.000E+O1 9.632E+O0 1.936E+01 4.271E+01 1.832E+01 0.000E+OO
9.500E+01 9.977E+O0 2.00IE+O1 4.438E+01 1.769E+01 0.000E+OO
1.000E+02 1.032E+01 2.068E+01 4.543E+01 1.708E+01 0.000E+OO
1.1OOE+O2 1.101E+O1 2.190E+01 4.795E+01 1.578E+01 0.000E+OO
1.200E+02 1.178E+01 2.316E+01 4.999E+01 1.461E+01 0.000E+OO
1.300E+02 1.252E+01 2.446E+01 5.119E+01 1.342E+01 0.000E+OO
1.400E+02 1.334E+01 2.586E+01 5.330E+01 1.250E+01 0.000E+OO
1.500E+02 1.420E+01 2.725E+01 5.440E+01 1.173E+01 0.000E+OO

9.867E+O0 2.114E+O0
1.068E+01 1.999E+O0
1.116E+01 1.972E+O0
1.151E+01 1.960E+O0
1.175E+01 1.935E+O0
1.189E+01 1.947E+O0
1.180E+01 1.953E+O0
1.176E+01 1.943E+O0
1.176E+01 1.912E+O”0
1.175E+01 1.940E+O0
1.175E+01 1.953E+O0
1.177E+01 1.935E+O0
1.178E+01 1.904E+O0
1.182E+01 1.916E+O0
1.188E+01 1.916E+O0
1.200E+01 1.929E+O0
1.212E+01 1.958E+O0
1.228E+01 2.004E+O0
1.245E+01 2.009E+O0
1.264E+01 1.967E+O0
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p+ 52Crnonelastic and production cross sections
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p+ 52Cr angle-integrated emission spectra



p+ 52Cr Kalbach preequilibrium ratios
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